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OBJECTIVE — Low vitamin D levels predict the development of diabetes. This double-blind, 
randomized, control study in subjects with prediabetes and hypovitaminosis D evaluated 
whether high doses of vitamin D for 1 year affected insulin secretion, insulin sensitivity, and 
the development of diabetes. 

RESEARCH DESIGN AND METHODS— A total of 1,551 subjects >40 years of age not 
known to have diabetes were screened with A1C levels. Subjects with A1C levels of 5.8-6.9% 
underwent an oral glucose tolerance test (OGTT). Subjects with prediabetes and 25-OH vitamin 
D (25-OHD) levels <30 ng/mL were randomized to receive weekly placebo (n = 53) or vitamin D 
(n = 56) with doses based on body weight and baseline 25-OHD levels. OGTTs were performed 
3,6,9, and 12 months later. Insulin secretion and sensitivity were measured, and the proportion 
of subjects developing diabetes was assessed. 

RESULTS — 25-OHD levels rapidly rose from 22 to nearly 70 ng/mL after vitamin D supple- 
mentation with a mean weekly dose of 88,865 IU. There were no differences between the placebo 
and vitamin D groups regarding fasting plasma glucose, 2-h glucose, or insulin secretion and 
sensitivity or in the percent developing diabetes or returning to normal glucose tolerance. No 
subjects experienced increased serum or urinary calcium levels. At 12 months, A1C levels were 
significantly slightly less (0.2%) in the vitamin D group. 

CONCLUSIONS — In individuals with prediabetes and hypovitaminosis D, doses of vitamin 
D supplementation designed to raise serum 25-OHD levels into the upper-normal range for 1 
year had no effect on insulin secretion, insulin sensitivity, or the development of diabetes com- 
pared with placebo administration. 



■ ndividuals with diabetes (1-6) and 
I prediabetes (6-8) have lower serum 
I 25-OH vitamin D (25-OHD) levels 
than those without either. Furthermore, 
higher levels of 25-OHD are associated 
with lower rates of development of diabe- 
tes (9-12). Of course, associations do not 
prove causation; they can only generate 
hypotheses. A randomized intervention 
study is necessary to prove causation. Af- 
rican Americans, Hispanic/Latino Ameri- 
cans, American Indians, Alaska Natives, 
some Asian Americans, Native Hawaiians, 
and other Pacific Islanders are at particu- 
larly high risk for the development of type 
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2 diabetes (13). Diabetes in ethnic and 
racial minorities is increasing at an alarm- 
ing rate. Although access to care or ge- 
netic variations may play a role, an 
intriguing biological explanation to ex- 
plain this health disparity is racial differ- 
ences in vitamin D levels. Racial/ethnic 
minorities have reduced serum 25-OHD 
levels, with African Americans having 
lower levels than Caucasians and 
Hispanic/Latino Americans having inter- 
mediate levels (3). To determine whether 
high doses of vitamin D supplementation 
for 1 year would affect the development of 
diabetes in minority subjects, we carried 



out a double -blind, placebo-controlled 
trial treating subjects with prediabetes 
and hypovitaminosis D with either vita- 
min D (designed to raise 25-OHD into the 
high-normal range) or placebo. We also 
evaluated insulin secretion and insulin 
sensitivity in these subjects. 

RESEARCH DESIGN AND 
METHODS— The Charles R. Drew 
University institutional review board ap- 
proved the study and determined that an 
informed consent was not necessary for 
individuals screened with a point-of-care 
A1C test because screening for diabetes 
often takes place at community sites, 
including health fairs, churches, and se- 
nior citizen centers. Informed consent 
was obtained for those undergoing an 
oral glucose tolerance test (OGTT). Sep- 
arate informed consent describing the 
study was obtained for subjects before 
randomization. 

The following four criteria were used 
to identify subjects ^40 years of age who 
may have prediabetes: 1) waist circumfer- 
ence measured at the umbilicus of ^40 
inches in men and &35 inches in women, 
2) family history of diabetes in first-degree 
relatives, 3) hypertension (either being 
treated or newly diagnosed at screening 
of > 140/90 mmHg), and 4) history of 
gestational diabetes mellitus. A total of 
1,551 Latino and African American indi- 
viduals with one or more of these risk fac- 
tors were evaluated at 37 churches, 10 
health fairs, and 7 other types of commu- 
nity events or in the Clinical Translational 
Resource Center after referral from two 
clinics or responding to flyers distributed 
in the community surrounding Charles R. 
Drew University. All recruitment sites 
were located in the south-central region 
of Los Angeles, an area populated by La- 
tino and African American individuals. 
Prospective subjects received point-of- 
care A1C tests using AlCNow+ (Bayer 
HealthCare, Tarrytown, NY). A direct 
comparison of 178 A1C levels in 110 in- 
dividuals with and without diabetes com- 
paring point-of-care A1C with a TOSOH 
ion-exchange high-performance liquid 
chromatography method revealed that 
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the point-of-care method was 0.135% 
higher than the laboratory method (14). 
Individuals with A1C values <5.8% (40 
mmol/mol) were considered at low risk 
for diabetes (15), and those with A1C 
>7.0% (53 mmol/mol) had diabetes. 
This study was initiated before the Amer- 
ican Diabetes Association (ADA) recom- 
mended diagnosing diabetes with a 
confirmed A1C level of >6.5% (47.5 



mmol/mol) (16). Subjects with point-of- 
care A1C levels of 5.8% (40 mmol/mol) 
through 6.9% (52 mmol/mol) consented 
and then underwent a 75-g OGTT to de- 
termine whether they had prediabetes. The 
OGTT criteria for prediabetes used in this 
study were a fasting plasma glucose (FPG) 
concentration of 110-125 mg/dL or a 2-h 
glucose value of 140-199 mg/dL. The 
World Health Organization lower limit of 



110 mg/dL (17) was used instead of the 
ADA lower limit of 1 00 mg/dL (16) because 
reversion to normal, as defined by the 
WHO criterion, would be easier to demon- 
strate than the ADA criterion. The criterion 
for the diagnosis of diabetes was an FPG 
>126 mg/dL or a 2-h value on the OGTT 
of >200 mg/dL (16). 

After an overnight fast, a baseline blood 
sample was obtained. Glucola (75 g) was 



A1C Screening 
N=1,551 



A1C <5.8% 
N=542 
35% 
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49% 
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N=154 
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5 Refused because may get placebo 

2 Unable to contact. No telephone. Did not respond to letters sent 
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1 in drug rehab 



Randomized 
N=117 



8 Dropouts before 3 months 
3 work schedule conflicts 
3 Moved out of the country 
1 Hypokalemia 
1 Noncompliant 



Completed 
3 months 
N=109 



4 Dropouts 

2 work schedule conflicts 
1 moved out of the country 
1 treated by PCP 
for diabetes 



Completed 
6 months 
N=105 









5 Dropouts 

2 moved out of state 

1 moved out of the country 

2 lost interest 





Completed 
9 months 
N=100 




1 Dropout 
1 moved out 
of state 





Completed 
12 months 
N=99 



Figure 1 — Flow diagram of the study, appt, appointment; PCP, primary care physician; rehab, rehabilitation. 
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ingested within 5 min, and further blood 
samples were obtained 30, 60, 90, and 120 
min later. Glucose concentrations were 
measured by a glucose oxidase method 
in a YSI machine. If the subject met the 
criteria for prediabetes, a 25-OHD level was 
measured by high-performance liquid 
chromatography/tandem spectrometry in 
the baseline sample. If that value were 
<30 ng/mL, the subject was randomized 
by a computer-generated code to receive 
either weekly doses of vitamin D 3 or a pla- 
cebo. (Only the research pharmacist knew 
the allocation.) Subjects were given a blinded, 
identical-appearing and -smelling solu- 
tion in a prefilled syringe containing the 
weekly dose of either placebo (medium- 
chain triglycerides) or vitamin D 3 dissolved 
in the triglyceride at a concentration of 
1,000 IU/drop or 35,714 IU/mL Accord- 
ing to the number of empty syringes re- 
turned at each visit, there was 100% 
compliance; i.e., none were lost, and sub- 
jects claimed that they took the contents of 
each one. 

The goal of vitamin D supplementa- 
tion was to achieve a serum 25-OHD level 
of 65-90 ng/mL. On the basis of a phar- 
macokinetic study in which three oral 
doses of vitamin D and its metabolites 



were given to healthy men (18), the initial 
vitamin D supplementation regimen was 
calculated as follows: (80 — baseline se- 
rum 25-OHD) X kg body wt X 15.7 = IU/ 
week. After the first 20 subjects, it was 
apparent that the dose was too low be- 
cause few subjects attained a serum 25- 
OHD level >65 ng/mL. Therefore, 100 
was substituted for 80 in the dosing for- 
mula, which subsequently allowed most 
subjects to reach the desired serum 25- 
OHD level. If a serum 25-OHD level of 
&80 ng/mL were achieved at any visit, 
the dose was reduced by 25% by the re- 
search pharmacist who was unblinded 
during the study. The mean ± SD weekly 
dose of vitamin D 3 was 88,865 ± 16,154 
IU (range 64,731-134,446). 

Additional calcium beyond the sub- 
jects' usual intake was not given, as vita- 
min D is expected to enhance intestinal 
calcium absorption. In addition, the large 
Women's Health Initiative Calcium/ 
Vitamin D Trial showed that supplementa- 
tion with 1,000 mg calcium (and 400 IU 
vitamin D 3 ) did not affect the development 
of diabetes (19). Therefore, subjects were 
allowed to continue (and encouraged not 
to change) any current vitamin/mineral 
supplements that they were taking. Given 



that subjects were followed for 1 year, sea- 
sonal influences on the results were not a 
factor. 

Subjects were seen monthly for the 
first 3 months and subsequently every 3 
months for up to a year. Vitamin D levels, 
serum calcium, and urinary calcium-to- 
creatinine ratios were measured at each 
visit, and A1C levels were measured at 
baseline and at the trimonthly visits. 
Follow-up OGTTs were carried out at 3, 
6,9, and 12 months. Glucose concentra- 
tions were measured by the YSI glucose 
oxidase method and insulin levels by an 
enzyme-linked immunosorbent assay in 
the five samples from each OGTT. Insulin 
secretion was assessed by five methods: 1 ) 
homeostasis model assessment (HOMA) 
of (3-cell function (20); 2) insulin area un- 
der the curve (AUC)/glucose AUC (trape- 
zoidal rule); Stumvoll 3) first-phase 
insulin secretion equations; and 4) 
second-phase insulin secretion equations 
(21) [first-phase insulin secretion = 
1,283 + 1.829(Ins 30 ) - 138.7(Gluc 30 ) + 
3.772(Ins 0 ); second-phase insulin secre- 
tion = 287 + 0.4164(Ins 30 ) - 26.07 
(Gluc 30 ) + 0.9226(Ins 0 ), where Ins 30 
and Gluc 30 are insulin (picomoles per li- 
ter) and glucose (millimoles per liter) 



Vitamin D Levels 




Months 



Figure 2 — Serum 25-OHD levels. 
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levels, respectively, at 30 min of the OGTT 
and Ins 0 is basal insulin (picomoles per li- 
ter) level]; and 5) the insulinogenic index 
(1GI) (22) (Ins 30 — Inso/Gluc 30 - Gluc 0 ). 
Insulin sensitivity was assessed by two 
methods: HOMA of insulin resistance 
(20) and the Matsuda insulin sensitivity in- 
dex (ISI): 

10, 000 

y/ (FPG X FPI) X (Glue X IHs) 

where FPI is fasting plasma insulin (micro- 
units per milliliter) and FPG is measured 
in milligrams per deciliter and where 
Glue and Ins are the mean of glucose 
(milligrams per deciliter) and insulin 
(microunits per milliliter) levels obtained 
during the OGTT (23). An oral disposition 
index was assessed by two methods: in- 
sulin secretion-sensitivity index-2 (ISSA-2) 
(ISI X insulin AUC/glucose AUC) (24) 
and IGI X 1/FPI as previously described 
by Utzschneider et al. (25) (which pre- 
dicted the development of diabetes over 
10 years in a Japanese population). 

No studies could be found describing 
the effect of vitamin D supplementation 
on an OGTT in subjects with prediabetes 
to use for a power calculation. The effect 
of vitamin D supplementation on insulin 
secretion, insulin sensitivity, and the oral 
disposition index was analyzed by two- 
way repeated-measures ANOVA. The 



primary analysis was based on a modified 
intention-to-treat (mITT) principle. The 
last-value-carried-forward paradigm was 
used to fill in missing values in order to 
perform the mITT analysis that was car- 
ried out for all subjects who had at least 
the 3-month OGTT after randomization. 
The baseline FPG, 2-h glucose, and A1C 
levels were analyzed by Student t test for 
unpaired means. The baseline categorical 
demographics and the effect on changing 
the OGTT diagnostic classification (dia- 
betes, prediabetes, and normal) were an- 
alyzed by the x 2 test for homogeneity. 
Significance was determined at P < 0.05 
(two tailed). Two sensitivity analyses 
were carried out to determine whether 
the mITT failed to detect a change in 
outcomes; a per-protocol analysis for the 
99 subjects who completed 1 year of pla- 
cebo or vitamin D supplementation and 
an mITT analysis on the subset of 28 sub- 
jects whose baseline vitamin D levels were 
<20 ng/mT. 

RESULTS — The results of screening, 
subsequent OGTTs, serum 25-OHD levels, 
randomization, and completion rates are 
shown in Fig. 1 . One hundred and seven- 
teen subjects with prediabetes and hypovi- 
taminosis D were randomized with 8 
dropping out before the 3-month OGTT 
leaving 53 in the placebo group and 56 
receiving vitamin D for an ITT analysis. 
The baseline demographic (age, sex, 



ethnicity/race, and BMI), glycemic (FPG, 
2-h OGTT glucose, and A1C), and 25- 
OHD status were similar in the two groups 
(Supplementary Table 1). Serum 25-OHD 
levels are shown in Fig. 2 . There was a rapid 
rise in those receiving vitamin D, 
achieving a mean serum 25-OHD level of 
nearly 70 ng/mL by 3 months (which was 
sustained), and no change in those receiv- 
ing placebo. 

Changes in the glycemic indices and 
BMIs are shown in Table 1 . There were no 
differences in FPG, 2-h glucose, or BMI be- 
tween the two groups during the year after 
randomization. A1C levels at 1 year were 
slightly (0.2%), but significantly, less in the 
vitamin D group .There were also no differ- 
ences in the five indices of insulin secretion, 
two indices of insulin sensitivity, or two 
measures of the oral disposition index dur- 
ing the year of placebo or vitamin D sup- 
plementation between the two groups in 
the mITT analysis. These results remained 
nonsignificant in the per-protocol analysis 
comparing 47 subjects in the placebo 
group and 52 receiving vitamin D for the 
entire year. Likewise, in subjects with base- 
line serum 25-OHD levels <20 ng/mL, the 
results were not significantly different be- 
tween 13 subjects in the placebo group 
(baseline serum 25-OHD levels 15.5 ± 
3.4 ng/mL) and 15 subjects receiving vita- 
min D (baseline serum 25-OHD levels 
16.0 ± 2.0 ng/mL). Likewise, there were 
no differences in those developing diabetes 



Table 1 — Effect of vitamin D on glycemic indices and BMI 







Placebo 


(months), 


n = 53 






Vitamin 


D (months), 


n = 56 








0 


3 


6 


9 


12 


0 


3 


6 


9 


12 


P 


OGTT/A1C level 


FPG (mg/dL) 


97 


100 


101 


102 


101 


99 


100 


99 


99 


100 


0.27 


2-h glucose (mg/dL) 


162 


146 


151 


158 


151 


158 


148 


148 


150 


149 


0.64 


A1C level (%) 


6.1 


6.2 


6.2 


6.1 


6.2 


6.1 


6.2 


6.1 


6.1 


6.0 


0.004* 


Insulin secretion 


HOMA-B 


103 


126 


100 


94 


95 


83 


85 


92 


92 


86 


0.25 


Insulin AUC/glucose AUC 


0.43 


0.41 


0.41 


0.40 


0.41 


0.39 


0.37 


0.37 


0.39 


0.36 


0.65 


Stumvoll 1st phase 


898 


900 


889 


833 


920 


817 


708 


752 


730 


722 


0.45 


Stumvoll 2nd phase 


252 


250 


249 


237 


256 


233 


209 


220 


215 


212 


0.53 


IGI 


0.95 


0.90 


0.85 


0.80 


0.88 


0.69 


0.72 


0.69 


0.70 


0.69 


0.82 


Insulin sensitivity 


HOMA-IR 


2.2 


2.4 


2.4 


2.3 


2.4 


2.1 


2.0 


2.1 


2.0 


2.2 


0.81 


ISI 


4.0 


4.8 


4.2 


4.0 


5.0 


4.7 


5.0 


4.9 


4.5 


4.9 


0.60 


Oral disposition index 


ISSI-2 


1.4 


1.5 


1.4 


1.3 


1.6 


1.3 


1.3 


1.2 


1.3 


1.3 


0.39 


IGI X 1/FPI 


0.14 


0.13 


0.11 


0.11 


0.14 


0.10 


0.09 


0.08 


0.08 


0.09 


0.32 


BMI (kg/m 2 ) 


32.9 


32.9 


32.9 


32.7 


32.6 


32.1 


31.8 


31.8 


31.6 


31.6 


0.61 



HOMA-B, HOMA of p-cell function; ISSI-2, insulin secretion-sensitivity index-2. *A subanalysis of the results indicated that the statistical significance was attributed 
to the reduction in A1C levels in the vitamin D group at 12 months. 
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OGTT Diagnostic Results-6 Months 
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OGTT Diagnostic Results-9 Months 
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OGTT Diagnostic Results-12 Months 
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Figure 3 — Percent of subjects who developed diabetes or reverted to normal. OGTT diagnostic 
results at 3, 6, 9, and 12 months. 
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or whose OGTTs reverted to normal at 3, 6, 
9, and 12 months (Fig. 3). 

It is noteworthy that no subject re- 
ceiving vitamin D manifested hypercalce- 
mia or increased urinary calcium measured 
in a morning urine sample. With the at- 
tained sample size in each group, there 
was a >95% power to detect a 1-SD 
change in BMI, FPG, 2-h glucose, or 
A1C levels between the study groups. 

CONCLUSIONS— The literature sur- 
rounding the association of vitamin D 
levels and glycemia is conflicting. Many 
studies found a significant positive asso- 
ciation between insulin sensitivity and 
serum 25-OHD levels, whereas a few 
found no such association. Fewer studies 
evaluated insulin secretion with the ma- 
jority unable to show a positive associa- 
tion (Supplementary Table 2). Similarly, 
there are conflicting data on the effects of 
vitamin D supplementation on glycemia 
(Supplementary Table 3). Most studies 
showed no effect on insulin sensitivity, 
while a few showed an increase. Insulin 
secretion was unaffected by vitamin D 
supplementation in the majority of stud- 
ies, increased in a substantial minority, 
and decreased in one. Vitamin D supple- 
mentation with 700 (26) or 400 IU (19) 
per day for 3 and 7 years, respectively, did 
not affect the development of diabetes. In 
patients with type 2 diabetes, fructosa- 
mine levels were no different 1 month af- 
ter an intramuscular injection of either 
300,000 IU of vitamin D or distilled water 
(27). Similarly, fructosamine and A1C 
levels were no different in type 2 diabetic 
patients receiving either 40,000 IU per 
week or a placebo for 6 months (28). 

The lack of an effect of vitamin D 
supplementation in the published studies 
could be due to one or more of the 
following: too small a dose of vitamin D, 
too short a period of time to show an 
effect, or including subjects with normal 
vitamin D levels. None of these can 
explain the negative results of this study 
in which subjects with hypovitaminosis D 
received large amounts of vitamin D 
(mean weekly dose of 88,865 IU) for 1 
year and rapidly achieved serum 25-OHD 
levels of nearly 70 ng/mL. There were no 
significant differences between the pla- 
cebo and vitamin D supplementation 
groups with regard to five indices of 
insulin secretion, two indices of insulin 
sensitivity, or two oral disposition in- 
dexes or in the proportion of subjects 
with prediabetes developing diabetes or 
whose OGTT returned to normal. 



There are three potential limitations 
to this study. The number of subjects is 
relatively small, but the results in the two 
groups are so similar that it is doubtful 
that more subjects would have found any 
significant differences. The percent of 
subjects developing diabetes after 1 year 



in the placebo and vitamin D groups of 9 
and 12%, respectively, was similar to the 
11% yearly rate of development of di- 
abetes in the placebo arm of the Diabetes 
Prevention Program (DPP) (29), strongly 
suggesting that the natural history of the 
development of diabetes was seen in both 
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groups. Some might argue that 1 year of 
vitamin D supplementation is not enough 
time to see a protective effect against the 
development of diabetes. However, com- 
pared with the placebo group in the DPP, 
there was a marked difference in the de- 
velopment of diabetes at 1 year in persons 
with prediabetes exposed to intensive life- 
style change (29), metformin (29), or tro- 
glitazine (30). Finally, the OGTTs in the 
current study were not repeated and the 
literature shows that a repeat OGTT 
within 2-6 weeks in individuals with 
IGT confirms that diagnosis in only half 
(31-33). However, in the clinical setting, 
the ADA does not recommend confirma- 
tion of IGT (16) and the variability of the 
OGTT should have affected both groups 
equally. 

Our study was carried out in ethnic 
minorities — a group with high rates of hy- 
povitaminosis D and prediabetes/diabetes. 
We showed that vitamin D supplementa- 
tion did not affect glycemic parameters in 
this group. Although a Caucasian popula- 
tion was not studied, we expect generaliz- 
ability to that population. 

In conclusion, although hope had 
been expressed that vitamin D supple- 
mentation might at least delay the de- 
velopment of diabetes (34), this was not 
the case. High doses of vitamin D for 1 
year in Latinos (mostly) and African 
Americans with prediabetes and hypovi- 
tamosis D did not affect insulin secretion, 
insulin sensitivity, the oral disposition 
index, or the proportion of subjects who 
developed diabetes or whose OGTT re- 
turned to normal. As Thomas Huxley 
so aptly stated, "The great tragedy of 
science — the slaying of a beautiful hy- 
pothesis by an ugly fact." 
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